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Single-Row Versus Double-Row 
Repair in Rotator Cuff Tears
Michael E. Hantes, Georgios I. Chalatsis  
and Georgios Mpakagiannis
Abstract
Rotator cuff (RC) tear is a common cause of shoulder pain and disability among 
adults. Surgical management of RC tears is recommended after conservative 
treatment failure. Due to the development of arthroscopic repair techniques, the 
use of the arthroscopic rotator cuff repair has become the gold standard. Single-
row (SR) and double-row (DR) suture anchor repairs are the two most popular 
and commonly used arthroscopic techniques. However, the optimal arthroscopic 
surgical technique remains controversial in terms of clinical and biomechanical 
outcomes, healing, and re-tear rates. This chapter will focus on differences between 
these two techniques regarding biomechanics, clinical results, healing rate, and cost 
effectiveness.
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1. Introduction
The rotator cuff is a group of muscles and their tendons which is consisted  
by supraspinatus, infraspinatus, teres minor and subscapularis muscles  
(Figures 1 and 2). Rotator cuff tears can hinder the daily activities and the quality 
of life significantly in adult population. There is a high correlation between rota-
tor cuff tears incidence and advancing age [1]. The overall prevalence of rotator 
cuff tears range from 20 to 30% for patients older than 60 years old and raises even 
more to 62%, in patients older than 80 years (regardless of symptoms), among 
the general population and in patients with a history of shoulder dislocation [1–4]. 
Partial thickness rotator cuff tears range from 15 to 32% in the general population 
and rises to 40% in dominant arm of asymptomatic elite overhead athletes [1]. The 
tear progression is correlated with the initial tear presentation. Patients with partial 
thickness rotator cuff tear can heal (10%) or become smaller (10%), but 53% progress 
and 28% become full-thickness tears [60]. On the other hand, patients with more 
than 50% initial tear had 55% chance the tear to progress [5]. Keener in his study of 
survivorship of asymptomatic degenerative rotator cuff tears, reported that full-
thickness tears were 4.2 and 1.5 times more likely to enlarge than controls and partial 
tears respectively. Accordingly, tear progression was a risk factor for pain develop-
ment and muscle degeneration [6]. Sex does not seem to play a significant role to 
the development of rotator cuff tears [6, 7], although there is a correlation between 
postmenopausal women, and an increase prevalence in asymptomatic rotator cuff 
tears [8]. Patients who have been operated in one shoulder for partial or full thickness 
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tendon tear are in increased risk of developing the same on the opposite shoulder [9]. 
The possibility of a bilateral tear is nearly 50% in patients over 60 years old [1]. Other 
important predisposing factors are history of trauma, hypercholesterolemia, occupa-
tional demands [10], smoking [11], a positive family history [12] and the body posture 
with higher prevalence in individuals with kyphotic-lordotic, flat back and sway-back 
posture than people with ideal alignment [13, 14].
Figure 1. 
Frontal plane cross section of fresh frozen cadaveric shoulder specimen. SSPT, supraspinatus tendon; Arcap, 
articular capsule and the junction of the Arcap and SSPT is marked with the *; Rotcab, rotator cuff cable; 
RC, rotator cuff; TLHB, tendon of long head of humerus biceps; HH, humerus head (courtesy of A.H. Zibis 
Associate Professor of Anatomy, Department of Anatomy, Faculty of Medicine University of Thessaly).
Figure 2. 
Lateral and oblique posterolateral view of a fresh frozen cadaveric specimen of a right shoulder. AC, 
acromion; ACL, coracoacromial ligament; CP, coracoid process; TrMin, Teres Minor; SupSP, Infraspinatus; 
SSP, Supraspinatus; RCI, rotator cuff interval; SubSc, subscapularis; LD, latissimus dorsi; AxN, axillary 
nerve (courtesy of A.H. Zibis associate professor of anatomy, Department of Anatomy, Faculty of Medicine 
University of Thessaly).
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The classification of the rotator cuff tears is based on Ellman’s classification of 
partial-thickness rotator cuff tears [15] and is categorized based on the grade of 
the tear and the location (Table 1). Snyder [16] classified the size of the defect by 
its superficial extension. Grade I tears represent a synovial irritation or capsular 
fraying in an area less than 1 cm, Grade II tear is a lesion with a fraying and failure 
of some rotator cuff fibers, and additionally synovial, bursal, or capsular injury 
in an area smaller than 2 cm. Grade III is a tear of the tendon fibers less than 3 cm. 
Fraying and fragmentation of the tendon and a tear more than 3 cm, involving more 
than a single tendon, is assessed as a grade IV lesion. Partial articular supraspinatus 
tendon avulsion, with a traumatic etiology is described as a special form of a type 
AIII or AIV.
The International Society of Arthroscopy, Knee Surgery and Ortopaedic Sports 
Medicine Shoulder Committee in its consensus recommendations for the RC tears 
classification system advices five important factors to be accounted: location, exten-
sion, pattern, fatty atrophy and retraction [17].
Adequate initial fixation plays a key role in achieving successful restoration 
of the rotator cuff tear. The primary function of the rotator cuff is to keep the 
head of the humerus centered into the glenoid fossa permitting a single center of 
rotation while enabling abduction or forward flexion [18, 19]. This is achieved 
with the balance of force couples around the glenohumeral joint. Two couple 
forces exist in the shoulder joint, the coronal force couple, with Deltoid versus 
inferior rotator cuff (Infraspinatus, Scapularis and Teres Minor) which opposes 
the force created by Deltoid muscle [20] and the transverse force couple [21, 22] 
which is a balance between Scapularis anteriorly and Infraspinatus and Teres 
Minor posteriorly. In massive RC tears, with the involvement of Infraspinatus 
muscle, along with Supraspinatus, the force couples are misbalancing, leading 
to posterosuperior migration of the head and incapability to maintain a steady 
fulcrum of motion.
Important anatomic factors for the success of the surgical reconstruction include 
the restoration of the footprint contact area, and the adequate compression of the 
tendon on it [23, 24], along with the rotator cuff muscles, tendon and bone quality 
[13]. Although various techniques like open and mini open surgery have been used 
in the past, the advance of arthroscopic repair techniques, with the development of 
the suture anchors, have become more and more popular [25]. Although there was 
no significant difference between re-tear rates, functional and pain scores, between 
mini-open and arthroscopic reconstruction, patients who received arthroscopic 
repair had fewer post-operation complications and returned earlier to work [18, 26]. 
However, there is still controversy which arthroscopic technique of the two most 
Grade
I <3 mm (<25% thickness)
II 3–6 mm (25–50%)
III >6 mm (>50%)
Location
A Articular sided
B Bursal sided
C Intratendinous
Table 1. 
Ellman’s classification of partial thickness rotator cuff tars.
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commonly used - single-row (SR) and the double-row (DR) – provide better clinical 
results [19].
2. Operative techniques
According to the geometric tear patterns of the rotator cuff, four different types 
of repairs have been described [28]. Type 1 is crescent-shaped tears, relatively short 
and wide. The medial to lateral length of these tears is less than anterior to posterior 
width and can be fixed directly to the bone bed on the greater humeral tuberosity 
[29–32]. Type II is longitudinal (U- and L-shaped) tears. The medial-to-lateral 
length of these tears is greater than the anterior-to-posterior width (Figure 3). 
These types of tears are usually repaired by a side to side convergence technique, 
reducing the strain of the lateral free margin of the cuff, with suture anchors, 
without tension [29, 31, 32]. Type III, are large contracted tears, long and wide. The 
tendon edge is too long and cannot be pulled directly to the bone and additionally 
too wide for the edges to be closed side to side. Interval slides or partial repairs 
are necessary for this type of lesions [30, 33–38]. Finally, type IV tears are related 
with significant glenohumeral arthritis and complete loss of the acromiohumeral 
interspace. These massive lesions are not repairable by arthroscopic or open surgery 
and the current treatment concept is arthroplasty.
The suture anchor techniques that are used more often are the single row (SR) 
and the double row (DR). Both of them have modifications. In the SR repair tech-
nique, there is the knotted and knotless repair, and in DR repair technique, there is 
the simple DR and the transosseous equivalent.
In the SR technique, two (or even more) double-loaded suture anchors are 
placed in a single row into the greater tuberosity at the lateral edge of the foot-print 
of the tendon’s insertion (Figure 4 and 5). Anchor sutures are passed and tied in a 
simple or horizontal-mattress configuration, in a single anterior–posterior row in 
the knotted repair. The sutures are passed through the tendon, evenly spaced and 
5 mm from the torn edge and then secured with knots and repair is achieved with 
a minimal tension. For the knotless repair the mattress suture are driven through 
the torn tendon with the help of an implant. A hole for the anchor is created into 
the corresponding position on the footprint. Both limbs of the suture are passing 
through the implant and the anchor and suture construct implanted together into 
the prepared hole. The anchor is reducing and locking the tendon to the bone [39] 
(Figures 6–8).
Figure 3. 
Type II rotator cuff tear. Placement of guide for suture anchor.
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In the DR repair technique two rows of anchors are placed, one medial, adja-
cent to the articular cartilage in the anatomical neck and the other lateral, in the 
greater tubercle, in order to provide better anatomical footprint restoration [40, 41] 
(Figures 9 and 10). In order for the repair structure not to lead to excessive tension, 
Figure 4. 
Coronal view of Single Row suture anchors.
Figure 5. 
Axial view of Single Row suture anchors.
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the torn tendon should be mobilized to ensure that it can reach the lateral side of 
greater tubercle. Firstly, the medial row suture anchors are placed through at least 
10–12 mm apart from each other and 12–15 mm medially from the lateral edge of 
the torn rotator cuff tendon in a horizontal mattress fashion [42]. Subsequently, the 
lateral row suture anchors are placed along the lateral side of greater tubercle. The 
lateral row suture anchors are passed through the lateral side of the tendon by simple 
suture configuration and tied in way that it will create a suture bridge construct. 
Figure 8. 
All sutures anchors passed through the tendon.
Figure 6. 
Sutures through the tendon in a SR repair.
Figure 7. 
A triple suture loaded anchor with sutures passed through the tendon in a SR repair.
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After that, the medial row sutures are tied with proper tension. Depending on 
the size of the tear, the preference about the number of the anchors may vary. 
Throughout, the most important point is the assurance that remains adequate 
Figure 9. 
Coronal view of Double Row suture anchors.
Figure 10. 
Axial view of Double Row suture anchors.
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Figure 12. 
Axial view of Transosseous equivalent repair.
Figure 11. 
Coronal view of Transosseous equivalent repair.
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block of bone between the anchors in order to prevent the risk of overcrowding and 
anchor failure.
Transosseous equivalent repair with knotless anchors is a modification of 
traditional double row technique. After the medial row sutures have been placed 
12–15 mm medial to the torn edge, they are tied in a mattress fashion. Both limbs 
of each suture from the medial anchors are then crossed over and brought later-
ally down to the lateral aspect of greater tuberosity, compressing the tendon to the 
anatomical footprint. In this way, tissue strangulation by the knots is decreased and 
tendon vascularity is better preserved (Figures 11 and 12).
3. Biomechanics
Biomechanics analysis holds an important place in comparing those two tech-
niques. A lot of cadaveric and animal model has been demonstrated over the times 
but none of them can foretell the healing potential but surely can answer about the 
failure strength (especially at day one) each technique provides, footprint restora-
tion, gap formation and the pros and cons of each method. So, each technique must 
be biomechanically adequate in order to provide a good healing environment and 
provide adequate fixation until the healing is done.
The mandatory biomechanical features that should be provided are high initial 
fixation strength, minimal gap formation and the continuation of mechanical stability 
until the durable bone-tendon repair is completed [43]. In matter of biomechanics, 
DR repair seems to be far more superior to SR technique. Several studies have shown 
that DR has the capacity to restore the anatomical footprint almost to 100% something 
that it cannot be achieved while using SR repair technique and can lead to substantial 
morbidity. Also, it is shown that DR is a sturdier technique and can reduce the tendon-
bone interface mobility and that can lead to better healing environment [44–46].
Although there are some data suggesting that there may be no difference in 
biomechanical features between those two techniques, most studies support that 
DR repair has a stronger structure in RC repair due to better restoration of the 
footprint, higher initial and failure strength, increased footprint contact pressure 
and lesser gap formation risk and all that can lead to better healing environment 
and enable more aggressive postoperative rehabilitation [47, 48].
4. Healing and re-tear rate
Healing of a torn rotator cuff is a formation of a continuous layer of tissue from 
the rotator cuff muscle to its insertion on the greater tuberosity [49]. The rotator 
cuff healing without surgical repair has been shown to be lower and inadequate in 
quality as demonstrated in animal models. A significant problem after RC repair 
is the re-tear on non-healing of the tendon [50, 51]. There are several factors that 
influence the re-tear rates such as age, preoperative tear size, degree of muscular 
atrophy, degree of fatty infiltration, surgical technique and inappropriate post-
operative rehabilitation [52]. There are numerous studies in the literature that 
investigate the structural integrity and re-tear rates of these surgical techniques. 
The retrospective study of Sugaya et al. one of the longest follow up studies which 
compares the re-tear rates of SR and DR technique, they found 56% re-tear rate 
in patients treated with SR and 27% re-tear rate in patients who underwent DR 
repair after 3 years of follow up [53]. Several studies in the literature showed that 
patients who underwent RC repair and have re-rupture of the rotator cuff tendon 
are in better condition in terms of pain than they were pre-operative [54], but other 
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studies directly contradict that and suggest that re-ruptures are associated with loss 
of strength [55]. Charousset et al. investigated re-tear rates of the patients using CT 
arthrography and demonstrated that anatomic healing was better in DR repair than 
SR [56]. The radiological outcomes of SR and DR repair in medium size rotator cuff 
tears using MR arthrography was examined by Tudisco et al. and detected a lower 
re-tear rate in DR technique [57]. A systematic review by Duquin et al. [58] also 
showed that in RC tears more than 10 mm in size, SR repair has significantly larger 
re-tear rates than DR repair, also in a meta-analysis which compared SR re-tear rates 
with DR rates revealed bigger re-tear rate in SR repair especially in partial thickness 
re-tears [27]. Finally, in patients who are in high risk of shoulder stiffness after the 
operation and are in need for accelerated rehabilitation protocol Franceschi et al. 
proved that DR repair had significant lower rates of re-tear than SR [59]. In a meta-
analysis by Millet et al. in which they concluded only level of evidence I studies 
they found higher rates of re-tear in SR 25.9% compared to DR repair 14.2% [60]. 
Finally, a prospective comparative study by Hantes et al. [61] proved that double-
row repair provides superior tendon healing compared to single-row and also DR 
must be considered in patients <55 years with medium to large RC tears.
However, RC healing has questionable association with outcomes. Tear and 
patient age, comorbidities, Nonsteroidal Anti-Inflammatory Drugs (NSAIDs), 
smoking status, osteoporosis and tendon shortening and retraction, affects nega-
tively the outcomes. Surgical repair techniques and rehabilitation play important 
role but have varying degrees of impact on the final result [62–64].
The general consensus in the literature is because of the biomechanical superi-
orities od DR repair, which are demonstrated in experimental environments carry 
over healing capacity and lead to lower re-tear rates.
5. Cost
The DR technique has some obvious disadvantages such as time consuming, 
higher difficulty and it’s more expensive. These factors are more significant if the 
final outcome is not associated with better clinical results than SR repair. In their 
study, Bisson et al. [65] tried to calculate the costs of the US healthcare system of 
transition from SR to DR rotator cuff repair and to calculate the decrease in re-
operations for re-tear that DR rotator cuff repair would need to accomplish in order 
to render the transition cost-neutral. The calculated cost for SR repair technique 
was $7572 while for DR repair technique was $12,979. They concluded that DR 
repair would require a large decrease in revision surgery rates to justify this differ-
ence in cost.
Genuario et al. [66] in their study evaluated two different group of patients. One 
with >3 cm rotator cuff tear and another one with <3 cm and created a decision-
analytic model to measure the cost-effect of DR repair compared to SR repair. It was 
found that DR rotator cuff repair was not cost-effective in any size of tear.
On the other hand, a later cost-utility analysis by Huang et al. [67], indicated 
that even though there were no significant differences in functional or quality-
of-life measures between single row and double row repair technique, double row 
repair was more cost effective than SR. There was also noted that DR fixation was 
more economically friendly for tear larger than 3 cm.
According to all this and in conjunction to the absence of studies that correlate 
the cost of each repair technique with healing, re-tear rate, clinical outcomes and 
additional cost during follow up (failure of treatment, necessity for extra conserva-
tive treatment), there is no consensus with regards to the financial viability of one 
technique over the other one.
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6. Functional and clinical outcomes
In both SR and DR techniques the functional shoulder scores, after rotator 
cuff repair, improve significantly. The clinical evaluation among several studies is 
based on many important aspects in patient’s daily life, such as range of motion, 
function, strength, pain and general satisfaction. Some often-used scores are ASES 
(American Shoulder and Elbow Surgeons) shoulder scale [68], which is a subjective 
measurement that assess pain and level of function and it is scaled from 0 to 100, 
the Constant shoulder score [69], which combines subjective and objective data 
into a functional score on a scale also from 0 to 100, and the UCLA (University of 
California, Los Angeles) shoulder rating scale [70] that uses subjective and objec-
tive measurements that evaluate shoulder function on a scale of 0–35.
Several randomized controlled trials (RCTs) have been conducted comparing 
the two techniques. Many authors concluded that there is no statistically significant 
clinical difference between the two surgical methods. In 2009, Burks et al. [71] split 
evenly 40 patients in two repair groups (single versus double row) and evaluated 
their functional improvement without finding any difference. Aydin et al. [72] 
divided 64 patients evenly in two groups with a minimal 2 year follow up, with 
no significant difference in clinical outcome (Constant score) between them. 
Koh et al. [73] studied 62 patients (31 in each group) through clinical scores and 
patient satisfaction with no statistically important difference. Lapner et al. [74] 
did not find any significant difference in functional or quality of life outcomes in a 
heterogenous group of patients with tears of all sizes. Nicholas et al. [75] looking 49 
patients in a prospective RCT found no differences between DR and SR repair for 
medium, large and massive rotator cuff tears in terms of outcome scores, clini-
cal tests of shoulder function, shoulder range of movement (ROM) or shoulder 
strength.
Similar results were found also and in a systematic review and meta-analysis of 
7 level I RCTs by Millet et al. [36], concluding that there were no detectable differ-
ences in improvement in outcomes scores (ASES, UCLA and Constant) between 
single row and double row repairs. The same result was found by Spiegl et al. [27], 
in a summary of eight meta-analysis comparing clinical differences between repairs 
for small and medium rotator cuff tears, in short and medium follow up.
On the other hand, Park et al. [77] whilst did not find significant functional 
difference in tears less than 3 cm, noted better results for the double row repair in 
tears larger than 3 cm. In a larger multicenter RCT by Carbonel et al. [78], with a 
minimum 2 year follow up and patients with large full thickness rotator cuff tears, 
DR repairs showed a significant difference in clinical outcomes (UCLA, Constant 
and ASES) compared with single row repair. A prospective RCT by Ma et al. [79] 
pointed that DR reconstruction showed better shoulder strength in patients with 
larger tear size (>3 cm) in comparison with SR.
In a more recent study, Hantes et al. [61] studied 66 individuals younger than 
55 years old. Although there was no significant difference in outcomes scores 
observed between the two groups, they noted that patients in the DR group had 
a higher tendon healing rate (p < 0.05) and patients with healed tendon demon-
strated superior clinical outcomes compared with patients who had retorn tendon 
(p < 0.05).
Saridakis et al. [80], despite the fact that in six studies found no significant dif-
ferences, within their data, there was some evidence to support the use of DR repair 
in patients with large (>3 cm) tears.
Tasjian et al. [81] compared healing and function after single-row repair versus 
double row repair with a suture bridge technique for RC tears of size 1–3 cm and 
similar improvements in pain and function for a follow up period of 12 months.
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In terms of re-tear rate, Franceschi [82] compared partial and full thickness 
re-tear after SR and DR rotator cuff repair. From the 52 patients equally distributed 
in two groups, there was no statistically significant difference neither in partial nor 
in full-thickness re-tears of RC. The same results have been observed by Carbonel 
et al. [78] and Barber [83] with no difference in both groups of partial or full thick-
ness re-tear, no matter the technique. Park et al. [77] studied patients in groups 
according to the tear size also. They found lower re-tear rates with DR technique 
in large tears only. Koh et al. [73] in his RCT found no significant difference for 
full thickness re-tears in 6 out of 23 patients undergoing DR repair and 4 out of 24 
patients undergoing SR repair. On the other hand, there was a significant difference 
for partial thickness re-tears with 1 patient out of 23 in DR group and 11 patients 
out of 24 in SR group. Franceschi et al. [59] detected a difference in overall re-tear 
rates in DR and SR repair groups but when examined each size of tear separately 
found no significant difference for partial and full thickness tears between the two 
groups.
In his recent meta-analysis, Sobhy et al. [84] noted that there was a statistically 
significant difference between groups only for partial thickness re-tears and not for 
full thickness re-tears. He also found that DR repair showed improved UCLA scores 
and a correlation between cuff integrity and functional outcomes. The authors also 
noted that long-term level III studies showed a direct correlation of both functional 
and cuff structural integrity, with DR repair technique being superior than SR. This 
seems to be in a contrast compared with previous studies [76, 85] which concluded 
that there is no correlation between cuff integrity and shoulder function. The rea-
son probably is that they depended on short- or mid-term results which did not give 
enough time to the two repair techniques to demonstrate significant functional and 
structural results and also the sample size, the patient population and the inherent 
study to study variability.
Yang et al. [86] in their meta-analysis of the clinical effect of the rotator cuff 
repair in single and double row repairs in 29 studies noted that full-thickness re-tear 
had considerable effect on clinical outcome.
Despite the biomechanical privilege, footprint coverage and tendon-to-bone 
contact than could lead to better healing of DR and Suture bridge techniques 
[87–91], excessive contact pressure, that can lead to reduced blood flow to rotator 
cuff tendon [92], can be the reason for high rates of re-tear. Stress concentration 
around the medial anchors has been observed to lead to an increased risk of medial 
cuff failure [93–97]. Two types of tears have been described [95], type 1 is a failure 
at the tendon-bone interface and type 2 is medial cuff failure with remnant cuff 
attached to the greater tuberosity. Therefore, there is a necessity for technical modi-
fications of the DR and Suture bridge techniques, minimizing the stress on medial 
anchors and decreasing the risk of medial strangulation and necrosis.
7. Conclusions
The increasing likelihood of occurrence RC tears with advancing age and 
longevity makes adequate RC repair a very challenging matter due to results in 
activity restriction and severe pain. Regarding the functional and clinical outcome, 
although there is no consensus between studies which repair technique is superior 
in general, it is well documented that studies with homogenous groups (regarding 
the size of the tear) indicate a slight superiority of the DR technique. The biome-
chanical evidence support the supremacy of the DR repair and the same result 
is applicable for re-rupture and healing rate, comparing with the SR technique. 
However, DR repair is more demanding for the surgeon technique. The learning 
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curve is much higher than SR. Although that DR is a more expensive technique than 
SR, there is a necessity for more studies to be conducted to justify and correlate cost 
with healing, re-tear rate and clinical outcomes. Considering the existing evidence, 
the type of repair must be individualized according to the tear size. DR repair 
should be performed to patients with larger tears and in patients who are in need for 
accelerated rehabilitation, while patients with small tears can have the same clinical 
outcome with SR repair.
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